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COMPAEOSOE OF POIET AND EFFECTI 7 E DOWEWASH 
AT THE tail OF TTTE D-558 — 1 
By Harold L. RoLinBon 


SUMMAET 


Point downwash. angles and the dynamic pressxtre at the horizontal- 
tall location of the D-558 — 1 airplane have heen measured in the 
Langley S^-foot hi^— speed tunnel. The tests include a Mach numher 
range of 0.40 to- 0.94 and a lift— coefficient range of -O.3 to 0.7. 
Comparisons are presented vlth effective downwash determined from 
tall— on and tail— off tests. 

The results indicate that the effective downwash angle, when 
correctly determined, agrees, within the limits of esperimental 
accuracy, with point downwash. The downwash and velocity changes 
that occur at the tall location cannot cause the Instahlllty found 
for this airplane at low lift coefficients and at Mach numbers 
near 0 . 9 . The point downwash angle at a given lift coefficient varies 
only subtly with Machmumber; therefore, the downwash angle for 
level— fll^t lift coefficients decreases with increasing speed, and 
the rate of decrease with speed increases with- altitude. 

The rate of change of point downwash angle with lift 
coefficient shows a sli^t decrease with decreasing 

lift coefficient at Mach numbers above 0.9 but Indicates negligible 
variations at other speeds. The dynamic-pressure ratio for 

level— flight lift coefficients Increases sll^tly with increasing 
speed. 

Appendix A gives a method of correlating stability with the 
rate of change of downwash and dynamic pressure at the tail. 

Appendix B gives a method of including the effect of tail drag 
upon effective downwaeh obtained by the tall-on and tall— off method. 
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IHTRODUCTION 


There exist Tarlt>UB methods of measuring the dovmwash at the 
tail location of an airplane model. Two of these methods, effective 
downwash and point downwash, were investigated to determine their 
applications and limitations. 

Eeference 1 indicated that the D- 558 — 1 aiipilane had negative 
static longitudinal stahlllty at low lift coefficients for a stnall 
Mach number range at approximately 0.9. The point downwash and 
dynamic-pressure ratio at the tall of this airplane were Investigated 
in an attenqpt to ascertain their effects on the stahllity of this 
airplane . 

The point downwash angles were obtained from measurements at 
one location with a differential pressure head (yaw head) . Effective 
downwash angles obtained from horizontal tail— on and tail-off tests 
(reference 2) are shown for con 5 >arlson. The dynamic pressure was 
obtained from statlc^ressure and total— pressure measurements at 
the horizontal^all location. 


SYMBOIS 


a 

Oy 

°yo 

% 

^t 

e 

<1 

P 

5t 

Ht 

<1 


angle of attack measured from airplane axis 

angle between yaw-head axis and tunnel center line 

angle of stream flow with respect to tunnel center line 

flow angle with respect to yaw-head axis 

angle between the airplane and yaw-head axes 

angle of Incidence of tail plane 

downwash angle 

pressure-difference coefficient (yaw head) 

standard atmospheric pressure 
static pressure at tail 
stagnation pressure at tall 
fi*ee-stream. dynamic pressure 
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at 

7 

W/S 

Cl 

Cm 

CniQ 

aw 

at 

S 

St 

c 

X 

I 

J 


dynamic pressure at tall 
ratio of specific Neats (l.^) 
wing loading 
lift coefficient 

pltcNing-moment coefficient atout airplane center of gravity 

pltcliing-aioinsnt coefficient at zero lift atout airplane center 
of grarlty 

ving lift-curve slope 
tail-plane lift— curve slope 
wing-planr-form. ar^ 
tail-plan— form, area 
mean aerodynamic chord 
wing moment arm 
tail moment arm. 

distance Netween airplane axis throu^ center of gravity 
to horizontal tall plane 


F, P 

m 

Suhscrlpts 


force vectors (see fig. 9) 

pitching moment about tail caused ty forces on tall plane 

pitching moment about airplane center of gravlly caused by 
forces on tall plane 

0, 1, and 2 refer to specific values as defined in paper. 


APPAEATDS 


The downwash— angle and dynamic-pressure investigation was 
conducted in the Langley 8— foot high-speed tiinnel which is a single— 
returUj closed— throat tunnel. The maTimuni corrected Mach number 
reported for this investigation was about 0.9^. The Eeynolds number 

varied frcan. about 1 x 10^ to 1.6 x 10^. 



k 


HACA BM Ho. L8H05 


Model .— [23ie isatal model was conatructed I 37 the HACA and la descrlhed 
In referencea 1, 2, and 3 . The oomplote model, without the atahllizer, 
waa used for this serloa of testa. A threo-^iew drawing of the model is 
presented as figure 1 . 

Yaw-head •nrePHTura-meaBuring InstrumentB.- The point downwaah 
was me£U3ured with a small yaw head mounted at the ^0-percent— chordwlse 
station, at the left mldsemlspan of the stahillzer (fig* l) • The yaw 
heetd waa mounted on the sting which siQiparted the mc^el in the tunnel. 
ThiiB, when the model angle of attack was changed, the yaw head remained 
fixed with relation to the model. This yaw head la the same one that 
was ^U 3 ed in zeferenoe 4. A total-head tube was mounted hetween the 
yaw-head tubes in order to obtain the total pressures. A static-pressure 
tube was mounted on the zrl£^t aide of the model, symmetrically with the 
yaw head. 


TESTS AHD EEIDTJCTIOiH OF DATA 


The yew head was calibrated at the teat Meich numbers by measuring 
the p 2 ressures at the open ends of the tubes with the yaw head rotated 
at various angles with respect to the tunnel axis. The pressures were 
measitred with the yaw head in the normal position and the Inrerted 
position. (The inverted position waa obtained by rotating the yaw 
head l80° about its aiiB.) This method of calibration, which is the 
same as that ttsed in refsrmioe 4, eliminates the error due to stream 
misallnement in the tunnel. 

This calibration method can be farther explained by referring 
to figure 2. The angle between the yaw^-head axis and the tunnel 
center line is 0 ^ and the average curve represents the pressure 

difference that would have been measured with a perfectly machined 
yaw head. Theirefore, the flow for this lUtJstratlan is inclined 
ipwards degc^s (negative) with respect to the txmnel axis, and 

the flow direction with respect to the yaw head is given by 




Therefore, when a pressuro-differonoe coefficient of 

measured at the tail plane with the yaw head in the iprl£^t position, 
the flow direction with respect to the yaw head is the angle 

not Oy^. The point downwash angle is given by 


s = a + iy — ijr 


( 1 ) 
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vhere a Is the corrected angle of attack of the model and iy is the 
angle between the model center line and the yaw-^ead axis, taken as 
positive clockwise frofm. the model center line when the model is viewed 
from the left. Furthermore it was found that the calibration of the 
yaw head remained constant with changes in free— stream Mach* number. 

The total-head tube between the two tubes of the yaw head, and 
the static-pressure tube were calibrated at the same time the yaw head 
was calibrated, and it was found that no error was introduced by the 
flow being slightly inclined with respect to the total-head or the 
static-pressure tubes. The dynamic pressures at the tail were obtained 
by measuring the static pressure p^ and the total pressure at the 

horizontal-tail location. The dynamic pressure at the tail was then 
calculated from 


^t - ®t 7 I 1 



' St 


( 2 ) 


where 7 is the ratio of specific heats for air and is eq.ual to l.lt. 

The Jet-h)oundary, constriction, and wake— blockage corrections 
that were applied to Mach number, lift coefficient, and free— stream 
dynamic pressure in reference 1 were applied to these data. The 
magnitude of the downwash angle depends on the sum of three angles 
whose individual measurements are accurate to 0.1°. The total error 
for the downwash angle € may therefore be as large as 0.3°. Jet- 
boundary corrections have not been applied to the downwash-^ngle data. 
These Jet-boundary corrections are usually smaller than 0,3°. 


EESULTS AND DISCUSSION 


The variation of point downwash with lift coefficient is 
presented in figure 3* point downwash is also compared with the 

effective downwash obtained from reference 2. 

The point downwash eind effective downwash are in agreement 
within the experimental accuracy of the data at Mach ntnabers 
below 0 . 875 . The discrepancy which was as large as 3° hl^er 
speeds is partly attributable to the method used in couputlng the 
effective downwash, in which the airplane pitching moment duo to 
the drag of the stabilizer was assumed to bo of negligible consequence. 
"While the drag of the tail has little effect at the lower speeds, it 
has a sizeable effect on the effective downwash values determined by 
this method at the higher speeds, especially if the critical speed of 
the tail plane has been exceeded. A correction for this drag effect 
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is giTen in api>end.ii B. Tlie data vere recomputed, using this method, 
for Mach numhers of 0.6 and 0.933 • There was no significant change in 
the values reported in reference 2 at a Mach number of 0.6, hut the 
values of the downwash angles were reduced about 1° at a Mach number 
of 0,933 (fig- 3) • The data obtained by the corrected method, however, 
are still subject to the errors inherent in the graphical procedure. 

Furthermore the method for obtaining effective downwash in 
reference 2 does not consider any interference effects which exist at 
the fin-stabilizer ■ Juncture . The flow at the under side of the 
stabilizer at the Juncture may be accelerated because of the fin 
stabilizer and fuselage Juxtaposition. This consideration woxild 
effectively give the stabilizer negative aerodynamic camber which 
would increase the stabilizer angle of zero lift. Tests of the model 
without the wing and with and without the stabilizer indicate that 
the apparent zero— lift angle of the tail is approximately 1.7° at 
low Mach numbers and that the zero— lift angle at a Mach number of 0.93 
is approximately 1.5° hl^er than the zero— lift angle at low speeds 
(fig. 4). The downwash angle, as indicated by the polnt-downwash 
method, is also 1.7° at zero lift (fig. 3).* It is concluded that 
the flow at the tail is influenced by the rudder and fuselage shape 
to cause a downwash of 1.7° at zero lift. The increase of zero— lift 
angle with Mach number, if taken into account for the effective— 
dbwnwash measurement, consequently would reduce the valiie from 
reference 2 by 1.5° at a Mach number of 0.93- Figure 3 indicates 
that the downwash angles given by the point-downwash method and 
effect Ive-downwash method may be in fair agreement when the tail 
drag and interference are considered. 

The effective downwash angle represents a mean value, and since 
the point downwash angle represents the value at a specific point, 
the difference between the point downwash and the corrected effective 
downwash may give an indication of the spanwise variation of the 
downwash at the tail. When the effective downwash is equal to the 
point downwash, there may or may not be a spanwise variation of 
downwash; but when there is a difference between the effective down- 
wash and point downwash, a variation in the magnitude of the downwash 
angle at different spanwise stations of the tail exists. These tests, 
however, do not indicate that a spanwise variation exists. It may be 
concluded that the effective downwash is not a measure of the actual 
flow direction at a given point at the tail location at hl^ speeds, 
and the point downwash cannot be utilized to indicate control settings 
required to trim without consideration of the spanwise distribution of 
point downwash. 

The polnt-downwash data presented in reference 4 indicated an 
increase in downwash angle with Mach number at a given lift coefficient 
beyond the force— break Mach number of the wing. These data are not 
directly comparable to the data in this paper since the wing aspect 
ratio is smaller and the location of the tall is higher for the 
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D— 558 — 1 airplane than for the configurations investigated In reference 4. 
Furthermore, the data in referenpe indicated that as the height of the 
tail was increased, the effect of Mach number on downwash angle was 
diminished. The data in reference 1)- theDrefore are not in disagreement 
with the, polnt-downwash data presented in this paper. 

Figure 3 indicates that the point downwash increases with lift 
coefficient; that there is veiy little changp with Mach number at a 
given lift coefficient; and that the variation of the rate of change 
of point downwash may cause a stahilizing effect at low lift 

coefficients and hl^ Mach nunabers for the D- 558 — 1 airplane. Therefore, 
the change of he/dCj^ does not account for the unstable tendency 
reported in reference 1. Furthermore, the effectlve-downwash data of 
reference 2 indicated similar effects in several instances. 

The point downwash angles at level— fli^t lift coefficients are 
presented as a fimotion of free-stream Mach number in figure 5- The 
level— fli^t lift coefficients were conputed from 


Cl 


2 V 

TpM^ S 


( 3 ) 


where the wing loading W/S is 58 pounds per sq.uare foot, p is the 
standard pressure at the altitude for which the computations are made, 

M is Mach number, and 7 is the ratio of specific heats for adr and 
is eq.ual to I.I 1 -. Thus the point downwash angle at a given Mach number 
and computed lift coefficients are obtained from figure 3 and plotted 
as a function of Mach niimber and altitude in figure 5- This figure 
indicates that the point downwash angle decreases as the airplane speed 
increases, and the rate of decrease of downwash angle with speed will 
increase with increasing altitude. 

The variation with Mach number of the rate of change of point 
downwash with lift coefficient at level— flight lift coefficients 

is presented in figure 6 and is obtained by measuring the slopes of the 
curves of figure 3 at the confuted level— fll^t lift coefficient for a 
given Mach number and altitude. This figure (fig. 6) indicates that at 
level— fli^t lift coefficients remains nearly constant up to a 

Mach number of O .85 (approximate) and then decreases approximately 
from 5 to a value of at a Mach number of 0.933j the highest Mach 
number reported. 


The relationship between incremental rate of change of down- 
wash and incremental stabllltv 


3Cl 




due to downwash changes 


is developed in appendix A. It is indicated that when 
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decreases 1.0, at a Mach number of 0.933 the stability parameter 
conseq.uently will decrease approilmately 0.04. Thus, there is a tendency 
to increase the stability of the airplane by 0.04 at the hipest Mach 
number reported ( 0 . 933 )* It should be remembered, however, that point— 
downwash changes cannot be utilized to estimate stability changes 
accurately uni ess the spanwlse distribution of downwash is taken into 
account. The foregoing veO-ues are Resented merely to Indicate the 
relative order of magnitude of de/nCj, increments and stability 
increments . 

The dynamic pressures measured at the tail are presented in 
figure 7 as a function of lift coefficient at various values of the 
corrected free-etream Mach number. A cross plot presenting the ctynamlc— 
pressure ratio as a function of Mach number and lift coefficient is 
presented in figure 8 . This fig\a*e indicates that the dynamic-pressure 
ratio is approximately eq,ual to unity, for the llft-ooefflclent range 
measured, up to a Mach number of aK>roilmately 0.75* Above a Mach 
number of O. 875 , the dynamic-pressure ratio at a given Mach number 
varies inversely with lift coefficient. The relation between incremental 



developed in appendix A. Figure 8 and equation (a 4) indicate that the 
measured dynamic-presaure-ratlo changes have a small effect on the 
static longitudinal stabill-ty of the B- 558 — 1 airplane. The variation 
of dynamlc-press'ure ratio with Mach number at level— flight lift coef- 
ficient (fig. 9 ) indicates that the TnaTi-muTn increase in dynamic-pressure 
ratio is approximately O.O 3 at a Mach number of 0.9. Equation (a 4) 
indicates that this would cause the airplane static— longitudinal— 
stablllly parameter 8 Cjji/5Cl to decrease approximately O.OO 7 , making 
the airplane mojTe stable by this amount. It should be remembered that 
appendix A indicated that the two effects cannot bo added to obtain 
the total— stability change. 


CONCL'OSIOIIS 


Measurements of point downwash and dynamic pressure at the stabilizer 
location of the D- 558— 1 airplane indicate that: 

1. Effective downwash determined from the tail-on and tall— off tests 
differs from, the values obtained by the polnt-downwash method by as much 
as 3°j however, effective downwash agrees, within the limits of experi- 
mental accuracy, with point downwash, if the effectlve-downwash determi- 
nation includes a consideration of tall drag and fin-stabilizer— fuselage 
interference. The spetnwise variation of point downwash at the tall should 
be considered to determine the effect of downwash on trim configurations. 
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2. Tlie flow direction at tlie tall is Inflioenced 'by the fuseleige and 
rudder shape; furthermore, the coincidence of zero downwash and zero 
lift is not a necessary conseg.usnce . 

3 . The rate of change of downwash angle with lift coefficient does 
not change throu^ the lift— coefficient and Mach number ranges investi- 
gated in a manner which would produce the decrease of static longitudinal 
atahility which eiists for this airplane for a small, lift— coefficient 
and Mach number range. Bather, a tendency to increase the static 
longitudinal stability at low lift coefficients and hi^er speeds occurs. 

1|-. At level— flight lift coefficients, the point downwash angle 
decreases with increasing speed, and the rate of decrease with speed 
increases with altitude. There were no abrupt downwash changes due 
to increasing Mach number. 

5 . The dynamlo-pressicre changes that occur at the horizontal tall 
of the D-558 — 1 airplane, within the range of this InveBtlgation, are 
not sufficient to affect the static longitudinal stability of this 
airplane serioiisly. 


Langley Aeixinautloal Laboratory 

National Advisory Commltteo for Aeronautics 
Langley Field, Ta. 
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APPENDIX A 

TOTi! EEBECT OF TW RATE OF CHANGEE OF DOWNWASH WITH 
lift CCBEFFICIENT, and of the DYNAMrC-PRESSTIRE 
RATIO ON STATIC LONGITODINAL STABUTIT 


The effect of changes In the rate of change of downwash 
angle ®nd dynamic-pressure ratio <L±/<L on the static 

longitudinal stahillty characteristics has "been calculated by the 
equations developed in this appendix. 

Neglecting the contribution of the tall plane to the total 
airplane lift, drag and thioist components, and all lift and 
moment conq)onohta except those due to the wing and stabilizer, the 
pitching-moment coefficient can be -virltten in the familiar 
sliiqplifled form: 


vhere a Is the llft-0U3rve slope; x is the horizontal distance from 
the ving aerodynamic center to the airplane center of gravity taken as 
positive vhen the aerodynamic center is aheeid of the center of gravity; 
c is the ving mean aerodynamic chord; S is the plan— form area; I is 
the tail moment arm; and subscripts w and t refer to the wing and 
horizontal tail plane, respectively. The familiar simplified form 
of the stability equation is: 



''l hi \ <lt ®t ^ 
^ S c 


(A2) 


The incremental stability due to changes only in the rate of 
variation of downwash angle with lift coefficient is 



^ 1 it 
S c q 


(A3) 
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p.nfl the incremental stahility dne to dynamic-pressure-ratio changes 
only is 



The tail Tolume coefficient D— 558~1 airplane is 0 , 667 . 

s ^ 

The Talus of a^ to he used in equation (Alt-) may he obtained fram 
reference 3 where it is given as 0,09 at a Mach number of 0 . 9 , The value 
of at to he iised with eq.uations (A 3 ) and (Alt-) is about 0 . 06 . This value 
of a-jj was obtained from, tests without the stabilizer and with the 
stabilizer set at various Incidence angles both without the wing. 

It shoxild be enphasized that adding the separate effects of 
eq.uatiohs (A3) and (aI)-) does not give the complete stability change 
since the term, involving the product of the increments is not included. 
Hbwever, this product term is usually small. 


12 


NACA EM No. L8H05 


APIENDIX B 


A ME03EOD OF OBIAINING DOWNNASH FROM T^TS 
OF AH AIRPLANE MODEL WILH AND WITHOUT 
THE HORIZONTAL TAIL 


The forces on a horizontal tail may he specified hy force 
vectors F and P and the couple m^ (fig. 10) . The force 
vectors F and P are perpendicular and parallel to the stream 
direction. However, Instead of the vectors F and P, we may 
use vectors F^^ and P^ perpendicular and parallel to the tail plane, 

or F 2 and P 2 perpendicular and parallel to the airplane asls. 

The following relationships may he estahlished from the geometiy 
of figure 10: 


Fn = F COB 


+ it) 


+ P Bln 


(“ + it) 


(Bl) 


F 2 = F 

P2 = P 


cos a + P sin a 

► 

COB a — F sin a 


(B2) 


AM = yP2 — ^^2 + ™t 


(E3) 


When the angle of attack of the symmetrical tall section is zero. 


e = a + i+ 


F^ = 0 


= 0 
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and, ftrom. equation (Bl), for = 0 

F = — P tan 

Subetltutlng eqiiation (Bit) In eg.uationa (B 2 ), 

F2 = P |sin a — tan cos ctj 

P2 = P j^coB a + tan + i-t) sin aj 

Substituting eq.uatlonB (B 5 ) In eq.uatlon (B 3 ), 

AM = yP jcos a + tan. + l.j.^ sin aJ 
— IP jaln a — tan + l.j.^ cos aJ 

■which can be simplified to 


AM 


But, 


cos 


= P ^y COB It + ^ ein 3-t) 

(a + 1 ^) = 1 - (^) ^ 2J + • • • 


00a it - 1 - if- ■" • • • 


Sin 1 ^. 


(1^) 3^" ' 


■where angles are given In degrees. Thus, for small values of a 
eq.uatlon (b 6) reduces to 
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(Bit) 


(B5) 


(b6) 


and It, 


^ "t) 


(BT) 
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Writing equation (BT) in coefficient form gives 

ACm = ^-D (^ + it) 

Since ^ « O.5I and ^ = 2.39 for the D-558-I airplane. 


aCb, = acd (0.51 + o.oiai it) H ACj) y'(it) 


for = 0 . The downwash angle is given tor 


= a + it 


where 


ACm = ^©/(It)^ 


(B9) 


(BIO) 


Thus, if the tail-moment increment from test data is plotted etgainst i^ 
for a constant a and Mach number, and if equation (B 9 ) is plotted on 
the same coordinates, the intersection will give a value of a and i^ 
whose sum is equal to the downwash angle. It will be of some help to 
note that while ACj) is a function of a, it, and Mach number, it may 
be assumed that its variation with a and it is small enough to bo 
Ignored in many practical examples. 
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Figure^ .-Continued. 
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Figure 3 Conciuded. 
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Figure 6 yariat/on of the rcfte of change of point 
dor\/nuvcfsh \r/ifh Mach number af hyel- flight 
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